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IgA antibodies help maintain intestinal immune homeostasis with resident commensal species; however, the
precise mechanisms regulating IgA induction and the epitopes recognized by these antibodies remain
incompletely understood. In this issue of Cell Host & Microbe, Cullender et al. (2013) demonstrate that
TLR5-dependent induction of anti-flagellin antibodies prevents commensal association with the intestinal
mucosa by limiting bacterial motility.The mammalian intestinal tract is colo-
nized by a dense and complex commu-
nity of commensal microbes collectively
referred to as the microbiota. In order to
maintain peace with this microbial com-
munity, the immune system employs
numerous mechanisms to limit microbial
translocation and promote local toler-
ance. One such mechanism involves
production of commensal-specific IgA
antibodies by B cells. IgA is induced
directly in response to the microbiota
whereupon it dimerizes and is actively
secreted across the intestinal epithelial
cell border into the lumen. IgA can bind
the surface of many different commensal
species thereby limiting their association
with the intestinal mucosa and prevent-
ing bacterial penetration of host tissues.
Interestingly, certain commensal species
have been shown to vary their surface an-
tigens, suggesting that IgAmay shape the
expression of antigens expressed in the
lumen. Although studies of IgA deficient
mice and humans have demonstrated
the importance of this antibody isotype
in regulating the composition of the
microbiota and appropriate localization
of commensal species within the intestine
(Macpherson et al., 2012), the precise
mechanisms by which IgA accomplishes
these tasks remain unclear. Additionally,
the commensal antigens recognized by
IgA are poorly characterized.
In this issue, Cullender et al. (2013)
address some of these unanswered ques-
tions. The authors note that flagellin, a
protein component of the bacterial flagel-
lum, is present at low levels in the intestine
of healthy individuals, despite the fact
that a large proportion of the microbiota
is genetically capable of expressing
this protein. One potential explanation488 Cell Host & Microbe 14, November 13, 20for these low levels is that a healthy
immune system somehow reduces
flagellin expression by commensal mi-
crobes. Flagellin is a particularly special
commensal antigen from an immunolog-
ical perspective. This protein is highly
conserved among diverse bacterial spe-
cies and recognized by at least three
different innate immune receptors: two
members of the Toll-like receptor (TLR)
family, TLR5 and TLR11 (Mathur et al.,
2012; Hayashi et al., 2001), as well as
the cytosolic innate immune receptor
Naip5 (von Moltke et al., 2013). Signaling
via these different receptors results
in distinct functional outcomes, including
induction of proinflammatory genes,
enhanced antigen presentation, and in-
flammasome activation.
To test whether immune recognition
of flagellin itself is required for limiting
expression of this protein by the intesti-
nal microbiota, Cullender et al. (2013)
use mice lacking TLR5. Strikingly, they
find elevated levels of flagellin in the cecal
contents of TLR5-deficient mice as well
as a concomitant reduction of flagellin-
specific IgA antibodies. A proportion of
TLR5-deficient mice have been shown to
develop spontaneous colitis (Vijay-Kumar
et al., 2007), which raises the possibility
that the increase in flagellin levels in these
animals is simply due to increased inflam-
mation. The authors rule out this less
interesting scenario by administering the
colitis-inducing chemical dextran sodium
sulfate (DSS) to mice. They observed no
increase in flagellin levels or reduction of
anti-flagellin IgA in DSS-treated mice.
Next, the authors examined whether
the increased levels of flagellin in TLR5-
deficient mice could be explained by
outgrowth of particular flagellin-express-13 ª2013 Elsevier Inc.ing bacterial taxa. While 16S sequencing
indicated that the overall composition of
the wild-type and TLR5-deficient micro-
biota is quite similar, comparative meta-
genomic analyses identified a group of
expressed genes overrepresented in the
microbiota of TLR5-deficient mice. A sub-
set of the these genes encoded proteins
involved in flagellum assembly, suggest-
ing that the increased flagellin levels in
TLR5-deficient mice stem from changes
in gene expression rather than shifts in
the relative abundance of certain bacterial
taxa. To complement these experiments,
the authors employed a reductionist
approach by colonizing germ-free wild-
type and antibody-deficient (RAG1/)
animals with three defined bacterial
species: two nonmotile microbes,
B. adolescentis and B. thetaiotaomicron,
and one motile E. coli species. Consistent
with their previous data, they observed
increased lumenal flagellin concentra-
tions in antibody-deficient mice despite
equivalent colonization levels of E. coli in
the different mouse strains. Altogether,
these results suggest that flagellin-spe-
cific IgA mediates the downregulation of
genes required for bacterial motility within
the microbiome. Indeed, the addition of
anti-flagellin antibodies was sufficient to
reduce flagellin expression and bacterial
motility in several in vitro assays.
Finally, Cullender et al. use fluores-
cence-activated cell sorting to isolate
and identify the commensal species
bound by IgA in both wild-type and
TLR5-deficient strains. They find altered
IgA binding to flagellated microbes of the
Firmicutes and Proteobacteria phyla iso-
lated from the lumens of TLR5-deficient
mice suggesting that flagellin recognition
via TLR5 is important for eliciting antibody
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Figure 1. TLR5-Mediated Induction of IgA Limits Bacterial Motility
In hosts with intact TLR5 signaling, flagellin-specific IgA is secreted into the lumen where it acts to limit
motility of commensal organisms and prevent their association with the intestinal mucosa. In mice lacking
TLR5, anti-flagellin antibodies are not produced, resulting in increased flagellin expression by microbial
species and enhanced association of commensals with the intestinal epithelium.
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tantly, there was no difference in the
percentage of nonmotile Bacteroides
members bound by IgA in TLR5-deficient
and control animals. Finally, the authors
analyze the impact of flagellin-spe-
cific IgA on the spatial localization of
commensal microbes within the lumen
by fluorescence in situ hybridization.
Using a combination of DNA probes, they
find bacteria belonging to Firmicutes and
g-Proteobacteria groups in close associa-
tion with the intestinal epithelium in TLR5-
deficient mice. This microbial localization
pattern was not observed in control ani-
mals, indicating that TLR5-dependent
production of anti-flagellin IgA is sufficient
to prevent bacterial penetration of the in-
testinal mucosa. Certainly the identifica-
tion of the specific bacterial species that
take advantage of TLR5 deficiency will be
an exciting future area of investigation
stemming from this work.
Ultimately, the findings reported by
Cullender et al. are of broad interest to
those interested in the ongoing dialog
between commensal organisms and the
hosts they inhabit. Through TLR5, the im-
mune system senses flagellin expression
by the microbiota and mounts a counter
response by secreting IgA to restrain
bacterial motility (Figure 1). Notably,
TLR5-deficient mice are not completely
devoid of anti-flagellin antibodies, indi-
cating that other pathways contribute to
the response. TLR11 is a likely candidate
in this regard. TLR5 and TLR11 display
distinct expression in the intestinal mu-cosa; TLR5 is primarily expressed by
dendritic cells, while TLR11 expression is
largely restricted to macrophages (Ue-
matsu et al., 2008; Mathur et al., 2012).
The structural basis of flagellin recognition
by TLR11 remains undetermined, so it is
formally possible that TLR5 and TLR11
have distinct fine specificities that allow
responses against different groups of
commensal organisms. As such, TLR11
may be important for eliciting responses
to commensals that have evaded TLR5
recognition such as certain a- and ε-pro-
teobacteria species (Andersen-Nissen
et al., 2005). Besides these TLRs, activa-
tion of the immune system by other TLR
ligands, such as LPS, may be sufficient
to induce response to associated flagellin
antigens, albeit with reduced efficiency.
Themanner in which flagellin-specific B
cells are activated also remains an open
question. B cell activation could occur in
a T cell-dependent fashion whereupon
flagellin-specific CD4+ T cells provide
help to flagellin-specific B cells leading
to their activation and secretion of IgA an-
tibodies. This T cell-dependent antibody
response is important for the generation
of high-affinity antibodies to many protein
antigens. In this scenario, the requirement
for TLR5 would presumably be due, at
least in part, to the need for efficient
antigen presentation. Alternatively, anti-
flagellin antibody secretion by B cells
could be induced in a T cell-independent
fashion. T-independent (TI) type I anti-
gens, or ‘‘mitogens,’’ work by directly
inducing B cell proliferation by bindingCell Host & Microbe 14, Nto activating receptors such as TLRs,
whereas TI type II antigens induce B cell
activation by extensively crosslinking the
B cell receptor. Flagellin is a particularly
interesting B cell antigen because it pos-
sesses properties of both types of TI anti-
gens. Flagellin monomers are mitogenic
based on their ability to stimulate TLRs,
while flagellin polymers can act as TI-II
antigens. Interestingly, T cell responses
to commensal-derived flagellin are not
detectable in healthy mice (Hand et al.,
2012), which may argue that the T-inde-
pendent pathways are most relevant for
anti-flagellin antibody production occur-
ring under steady-state conditions.
On the microbial side of the equation,
this work demonstrates one mechanism
by which commensal organisms adapt
to their host. The authors clearly
show that TLR5-mediated recognition of
flagellin results in the downregulation
of flagellar motility genes by the micro-
biome as a whole. It is unclear how these
microbes sense the presence of this
flagellin-specific response. One explana-
tion is that at any given time a proportion
of bacteria express flagella while others
do not due to phase variation. If IgA
binding to flagellin-expressing microbes
reduces their fitness beyond that asso-
ciated with loss of motility, then these
antibodies could favor the outgrowth
of non-flagellin-expressing commensals.
Alternatively, flagellin-expressing bacte-
ria may sense IgA binding (perhaps by
sensing the failure of their flagellar appa-
ratus) leading to flagellin downregulation
on the per-cell level. Why does a large
fraction of the microbiota retain the ability
to express flagellin despite the downregu-
lation of this gene during colonization?
Commensal-specific IgA antibodies are
induced directly in response to the micro-
biota, and IgA-secreting B cells specific
for these antigens are not present at birth.
Thus, bacterial motility might be particu-
larly important for the fitness of certain
species upon initial colonization or
perhaps during other periods of change.
The best work often raises as many
questions as it answers, and the current
study by Cullender et al. (2013) is no
exception. By defining one mechanism
by which microbial recognition leads to
the production of commensal-specific
antibodies, the study highlights the com-
plex dialog between the host and its resi-
dent microbiota.ovember 13, 2013 ª2013 Elsevier Inc. 489
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